Abstract. Recent studies have shown significant challenges for atmospheric models to simulate 18 tropospheric ozone (O3) and some of its precursors in the Arctic. In this study, ground based data 
Introduction

41
Tropospheric ozone (O3) and its precursors, including nitrogen oxides (NOx = NO + NO2), 42 carbon monoxide (CO), and volatile organic compounds (VOCs, such as ethane, propane, etc.) 43 are important atmospheric species affecting both air quality and climate (e.g., Jacob et al., 1992; (CTMs) usually do not include these emission sources (Zatko et al., 2016) .
79
In this study, we examine the abundance and seasonal variations of O3 and its precursors at 87 In situ measurements of NOx, PAN, and non-methane hydrocarbons (NMHCs) were performed Figure 3a , GEOS-Chem overestimates surface NO2 mixing ratios at these 176 sites by over 66%, compared with observations (slope=1.07; correlation coefficient=0.88).
Observational data and model simulations
177
Instead of using EMEP, we carry out another sensitivity study to force anthropogenic NOx (Fig. 3b) . Similarly, we also tested the sensitivty of surface NOx April-June (Fig. 4a) . However, the assumed NOx flux from snowpack in the model leads to 
PAN
224
We then examine the model performance for PAN, which serves as a reservoir for NOx. Summit during April-July increased by up to 23.3 pptv compared to the 4x5 simulation (Fig. 4b) . (Fig. S1 ). All the above changes are driven 
293
Similar to NEI11_MIX, we further conduct sensitivity studies by only replacing the regional 294 emission inventory for C2H6 over the US, with other regions still following X08 (hereafter 295 referred to as NEI11_ONLY). Consequently, model simulated surface C2H6 mixing ratios over
296
Summit agree better with observations during winter-spring (Fig. 5) but overestimates in June -September (Fig. 5) . This implies that further assessments of Summit. Overall, the model generally captures the abundance and seasonal variation of CO.
317
Compared with observations, the annual mean CO mixing ratio is slightly overestimated by 318 about 3 ppbv in the model. we focus our analysis for the possible causes that lead to the model low bias during April-July.
325
As discussed earlier, snowpack emissions due to the photolysis of nitrate in the snow during late O3 mixing ratios increase by up to 3 ppbv during this period (Fig. 6) . The largest effect occurs in
334
July due to relatively strong solar radiation. O3 formation due to snowpack emissions in our by 3% and 9% in June and July 2008 (Fig. 7a) . However, specific humidity in GEOS-5 is 360 overestimated by 50% and 81% (Fig. 7b) the Arctic air quality. 
763
NEI11_ONLY denotes the simulation that is the same with the control simulation except that the 764 C2H6 emission inventory over US is overwritten by NEI11. NEI11_MIX20 is the simulation that 765 is identical to NEI11_MIX except the 20% increased MIX C2H6 emission inventory over Asia.
766
Readers are referred to the text for details. 
